The impact of food and economic crises on diet and nutrition
Introduction
One of the most high profile areas of economic research is the impact of changing prices and incomes on diet and nutrition, which is not surprising, given the well established fact that both the calorie intake and the composition of the diet have important implications for health, mortality, fertility and economic productivity. While research in this area has traditionally focused on hunger alleviation and degenerative health in the process of industrialisation and development, occasional food crises and poverty hikes as part of structural reforms throughout the 1980s and 1990s turned the attention of experts towards the potentially detrimental effect of dramatically fluctuating food prices and incomes on diet and nutrition. Of special concern is the immediate effect of the crises on nutrition and health (Development Research Group, 2008) . While the nutritional consequences are bound to be largest for the poor [4] in Less Developed Countries, no economy is immune to the combined effect of food price inflation and declining incomes.
Although rigorous academic research has attempted to keep up with the policy concern by providing estimates of nutritional and other consequences of price and income shocks, it has failed to reach unambiguous conclusions. The prolific 1990s literature on the impact of economic crises on nutrition and health has failed to agree on whether relatively poorer or relatively more affluent households are among the largest victims of economic shocks (Stillman, 2006; Frankenberg et al, 1999) . At the same time, the rapidly expanding post-2008 literature on the effect of rising staple food prices is dominated by (i) simulations based on Computable General
Equilibrium Models, a methodology, criticized for its black-box type of analysis, and (ii) studies trying to identify the impact of the price increase of a particular food item, e.g. rice or wheat, on the welfare of net buyers of that particular food item. While providing a rigorous picture of the number and poverty levels of those affected by a price shock, conditional on everything else in the world remaining the same, these studies fail to account for the possibility that a price shock may induce consumers to reallocate their food baskets towards cheaper food items, an action with ex ante unclear nutritional consequences.
A serious constraint to truly comprehensive research on the implications of price and general economic shocks on consumption and nutrition is the scarcity of rich enough data allowing the researcher to explore the shock implications in a before and after manner. To the best of our knowledge, only Ecker and Quaim (2010) take seriously into account the possibility that a price shock on specific food groups could induce reallocation of consumption and nutrition. However, their analysis is based on a single cross-section of data and corresponding simulations that assume unchanging food and nutrient elasticities, despite the possibility that [5] severe price and/or economic shocks may induce a structural break and hence completely change consumer behaviour (Aker et al, 2011) .
The broader empirical literature, focusing on price and nutrient elasticities of consumption and nutrition, is typically based on single cross-sections of data, often from fairly uneventful periods of time. The general finding is that food consumption, especially of staple foods, is generally income and/or price inelastic (Berhman and Deolalikar, 1987; Diagana et al, 1999) . While some studies find deleterious nutritional implications of price inelastic demand for food in the face of a severe price shock (Diagana et al, 1999) , others find income elasticities of nutrients to be smaller than the corresponding food elasticities, exemplifying greater willingness of households to compromise on tastes than nutritional value (Behrman and Deolalikar, 1987) and thus explaining the absence of visible nutritional and health implications of even severe economic crises such as that of 1998 in Russia (Stillman and Thomas, 2008) .
The purpose of this paper is to fill some of the gaps outlined above and attempt to explain some of the existing controversies in the literature by using the natural experiment of Bulgaria in the mid-1990s-to early 2000s. The context and timing are ideal for exploring the implications of severe income and price shocks, as well as the role of changing relative food prices on consumption and nutrition. Almost nowhere was the shock of structural reform and crisis as severe as in Bulgaria during the 1990s. The dissolution of the Council for Mutual Economic Assistance (CMEA), the war in former Yugoslavia, and policy stalemates, all led to a greater drop in output and higher inflation than in the majority of the Central and East European (CEE) countries, culminating in the crisis of 1996-97. While the crisis in Russia led to a 40% increase in inflation from 20% to 60% between 1996 and 1997, inflation in Bulgaria increased by 827%
from the already high base of 122.9%. Lifetime savings were lost.
[6]
Poverty incidence increased by 77% (Sahn et al, 2002) , while the fall in food consumption exceeded that of the majority of the CEE countries (Elsner and Hartmann, 1998) .
There is evidence that consumption of commercially produced bread and meat must have been the most affected, as both income decline and agricultural sector problems made the production of grains and livestock especially problematic and contributed to significant increase in their prices (Ivanova et al, 2006) . According to OECD (1997) the broader economic crisis in Bulgaria in the mid-1990s was accompanied by a "bread crisis". The price of a standard white bread loaf increased most dramatically by 34% from 15.66 levs in 1995 to 545 levs in 1997. There was a spillover of the grain crisis into a general food crisis, exemplified for instance by a 25% increase in the price of a kg of pork from 204.10 levs in 1995 to 5325 levs in 1997 and an 18% increase in the price of a kg of beef from 158.44 levs in 1995 to 2988 levs in 1997 (National Statistical
Office of Bulgaria, 2000) .
With the use of uniquely timed data -from before the crisis of 1996, through the crisis of 1996-97, until the crisis-free year 2001 -we explore the reaction of household consumption and nutrition to changing food prices and incomes. To fully understand the welfare implications of the price and income shocks, we estimate the price and income elasticities of food and nutrition for households belonging to the poorest, middle income and richest percentiles in the income distribution. We find not only a tendency of households to reallocate their consumption baskets during a crisis, but also a dramatic change in the income and price elasticities of demand for both food and nutrients. Our results challenge the implicit assumption of relatively low and invariable price and income elasticities of demand for food and nutrition.
In section 2 we provide a description of the general economic background of this study on Bulgaria and present some consumption and nutrient statistics. In section 3 we outline the [7] methodologies used to estimate price and income elasticities of food and nutrients. In section 4
we discuss our results on income and price elasticities of key food groups, while in section 5 we discuss the corresponding results on nutrient price and income elasticities. Section 6 concludes.
The story of consumption and nutrition in Bulgaria
The main data sources for our analysis are the Living Standards Measurement Surveys (Ivanova et al, 2006) , and we would like to explore this possibility as a first step in our descriptive analysis. 1997 and 2001 the division between the reported "percentiles" in fact refers to the 1995 boundaries for these percentiles, appropriately adjusted for inflation. In this way we are looking at "absolute" as opposed to "relative" welfare measures and their real changes over time.
Using real thresholds constructed in this manner enables us to examine from survey to survey the variation in consumption of the set of households with the same real expenditures.
These are not the same households in each quintile over time, so we are not tracing how the crisis affects the positioning of households in the income distribution. Rather we are looking at the how households with the same expenditures change their consumption of food items and nutritional intake in response to price and income changes.
Perhaps the most striking observation from this table is the significantly larger proportion of bread and starches in the food basket of the poorer percentiles and the significantly larger proportion of meat in the food basket of the richest percentiles throughout the period. During the crisis, the proportion of bread in the food basket of all groups of consumers increased, while the proportion of meat decreased slightly for the poorest percentiles and went up significantly for the [9] richest percentiles. After the crisis, consumption patterns shifted back towards their original positions, but never returned to their pre-crisis levels.
Average caloric intake decreased significantly during the crisis for all income percentiles and started recovering afterwards, though never returning to pre-crisis levels (Ivanova et al., 2006) . Furthermore, the nutrient composition of the diet shifted with a lower intake of fats and a higher intake of proteins and carbohydrates during the crisis (Figure 1 ) 5 . Given the complexity of the economic situation during the focus period, it is difficult to attribute changes in consumption and nutrition to one particular factor. Thus, the changes could have been driven by either the reduction of purchasing power alone, or changing relative prices of key food items or change in the responsiveness of households to these incomes and prices.
From a policy making perspective, it is instructive to disentangle the implications of all of these influences. Table 1 for a description of percentiles determination.
[11]
Unfortunately, we do not have access to reliable prices at either the household or regional level. We must extract price related information from the available evidence on unit valuestotal expenditures divided by total quantities of food items -a problem as unit values reflect the quality choices that households make as well as the prices that they face (Prais and Houtakker, 1955) . We discuss and rigorously address this issue in our empirical analysis. However, as a first attempt at making price related sense of the information available, it is useful to look at the changes in unit values of key food groups.
The information on unit values reported in Table 2 is consistent with observed consumption patterns and provides some tentative explanation of these patterns that goes beyond that of shifting real incomes over time. In particular, we see that in each of the years, the unit values of meat significantly exceed the unit values of staple foods, which is consistent with the apparent greater ability of the richer strata of the population to afford meat compared to those belonging to the poorer percentiles 6 . In addition, the significant increase in the unit value of bread between 1995 and 1997 and the corresponding rise of the share of bread in the food basket of all income percentiles possibly indicates low elasticity of bread -Bulgaria's main staple food -to price changes. Given that meat and staple foods (bread and starches) are the main items in Bulgaria's food basket and that some of the most noticeable results in both our descriptive and subsequent empirical analysis are related to these food items, we will focus on them in the description of our elasticity estimates. The full set of empirical results is available in our full technical appendix, which is available upon request.
Econometric methodology

Estimation of income and price elasticities of food intake
The main shortcoming of our data is the absence of information on prices and hence the need to infer responses of households to price changes on the basis of information on unit values. For instance, we are likely to observe higher unit values for households whose basket consists of 6 Note that this information is consistent with information on aggregate yearly prices of food items, provided by the National Statistical Institute of Bulgaria.
[13]
higher quality items. Unlike the market price, over which an individual household does not have any control, the unit value represents a choice variable, which is under the control of households.
If we are to therefore infer price elasticities on the basis of unit value data, our results are likely to be tarnished by a simultaneity bias: households choose both the quantity and the quality of a good and better off households would tend to buy higher quality goods, whose unit value is positively related to total financial outlays.
To overcome this problem and produce unbiased estimates of price elasticities, we implement the Crawford et al. (2003) model, whose main advantage over alternative models is that it allows us to exploit the explicit links between unit values and prices in a way that is consistent with the Almost Ideal Demand System (AIDS) approach. In keeping with the rest of the literature, foods are organized in m groups (bread, starches, meat, etc.). Under the assumptions of separability of preferences and homogeneity, we define the following relationship:
where G V is the unit value for group G, G Q is the corresponding quantity index and homogeneous price index G  (e.g. a Paasche price index), constructed assuming a constant structure of relative prices within group G. Taking a double logarithm of [1] and given a functional form G  for the budget shares G w , we therefore need to estimate a consistent system:
[14]
where X is total expenditures, and  is a vector of group price levels (the omission of G indicates that these parameters refer to all groups). To make the estimation computationally tractable, a special functional form for G h is adopted such that
As for the functional form of the demand function, G  , the model uses the approximate Almost Ideal Demand (AID) model with a loglinear approximation of the log index price (LA/AID). While the full AID specification or its quadratic extension would be preferable, the non-linear form would not be tractable by the within-cluster estimation adopted in this method.
We attempt to extract at least some of the information that non-linear income specification would provide by estimating price and income elasticities for households belonging to different percentiles of total expenditures.
Assuming fixed prices for households located within a cluster c, the demand function for group G by household h is:
where  is the price of group H in cluster c .
Equation (5) can be re-written as:
[15]
where
. Vector h Z includes socio-demographic characteristics and other conditioning variables.
Following the same logic, the unit value equation becomes:
The estimation proceeds under the restricting assumption of independence among observations, as households are grouped by cluster and hence by construction common factors affect the demand for commodities within the cluster. However, under Lewbel's (1993 Lewbel's ( , 1996 assumption of stochastic independence between relative good prices that are allowed to vary across clusters and the cluster price index, this cluster effect can be shown to be innocuous (Crawford et al., 2003) .
The estimation proceeds in three stages. In the first stage, we compute the within-cluster estimates, which allow the cancelling of the unobserved price effects and retrieving the estimated vectors G α and G â , and the estimated scalars G ˆ and G b .
and
The second stage consists of estimating the price coefficients GH  using between-cluster information, as the fixed nature of the within cluster price effects has already been used in the 
where, c n is the size of each cluster c
where each term of Ω is obtained from the first stage residuals.
The variance of the price coefficients (without imposing symmetry) is obtained by bootstrapping.
In the third stage, we impose the symmetry,
, by minimum distance estimation.
By using the efficiency arguments of Kodde et al (1990, theorem 5) , we minimise only over  rather than over  and  .
Price elasticities are computed for household belonging to the 10 th , 25-50 th and 90 th expenditure percentiles using the formula,
.; where G w and H w [17] represent the budget shares of group G and group H respectively. Total expenditure elasticities are also computed using the formula,
We follow closely the specification proposed by Crawford et al (2003) . Since the results from the first two stages are not used in our discussion, we keep the variable description and results from these two stages along with the full set of income and price elasticities only in the full technical appendix to be available electronically in a working paper version of the paper, but publishable upon the discretion of referees and editors.
Estimation of income and price elasticities of nutrients
To derive nutrient elasticities, we apply Huang's (1996) method, which uses elasticities from standard demand analysis to estimate elasticities of changes in the nutritional content of consumer diets. On the basis of the demand structure for food and the bundle of corresponding nutrient attributes it is possible to derive the implied relationship between nutrient availability and changes in food prices and incomes. Huang's approach provides information on how to derive the formula from an underlying demand model.
Let ki a be the quantity of the th k nutrient obtained from a unit of the th G food group.
The total quantity of that nutrient, k  , obtained from various food groups can be expressed as:
Equation (11) represents the consumption technology in the sense of Lancaster (1966) . It is straightforward to show that:
[18]
where 
As before, we report the full set of macronutrient and micronutrient elasticities in Tables TA12-TA26 of our full technical appendix. In the text, we only focus on a selection of macronutrient elasticities. However, the micronutrient elasticity pattern is consistent with our story line.
Econometric results
Highlights from the first stages of our empirical analysis
The set of variables used in our empirical analysis is described in table TA1 of the appendix. In Tables TA2-TA4 , we report the budget share estimates, while in Tables TA5-TA7 of the appendix we report the unit value regressions from the first stage of the empirical analysis, described in section 3. Since these first stage results are of only marginal importance for our [19] main line of argument, here we focus on only a few technical aspects, which are relevant for the robustness of our key elasticity estimates.
To begin with, we select seven categories of (food) groups for our demand estimations.
The choice is constrained by the need to have both quantities and expenditures available. Given that we have no reason to believe that the availability of quantity information is directly related to the structure of preferences, there is also no reason to believe that these preferences are separable in the corresponding partition of goods. To address the potential problem of nonseparability of preferences in the partition of modelled and non-modelled goods, we condition the budget shares of the included goods on the expenditures on the excluded goods and durable good ownership (Browning and Meghir, 1991; Crawford et al, 2003) . Browning and Meghir (1991) argue that this is an economical way of relaxing separability and still maintaining the focus on our goods of interest.
Homogeneity is imposed by expressing conditioning good expenditures with respect to non-modelled food expenditures (i.e., we divided expenditure of each conditioning good by the expenditure of non-modelled food). To address the problem of zero conditioning expenditure, we include dummy variables, indicating zero spending on conditioning goods. This allowed us to keep households with zero conditioning expenditure in our sample (Crawford et al, 2003) .
The null hypotheses of non-separability would be rejected if the conditioning goods play no role in the demand equations. Our results in Tables TA2-TA4 indicate that in most cases this is indeed the case: most of the conditioning expenditures do not affect the budget shares of our seven modelled groups. This is particularly true in the case of clothing, shoes and expenditures on furniture, although some exceptions occur at the 5% level of significance and there are changes in relevance of the significant variables over the years.
[20]
A second important issue to consider is the potential endogeneity of some of our regressors in the budget share equations. This is particularly the case with the logarithm of total expenditures and durable ownership. To correct for potential endogeneity, we once again followed Crawford et al (2003) in implementing a within-cluster 2SLS estimator, using the set of instruments proposed by these authors. Specifically, we used the logarithm of household total income as an instrument for the logarithm of household total expenditure and quantity of each group, while durable ownership and the conditioning expenditures were instrumented with the use of their cluster means. The exclusion restrictions (of instruments) did not pass the Sargan's test; and the Durbin-Wu-Hausman test of endogeneity failed to confirm endogeneity of any of the considered variables; hence, the reported figures are from within-cluster OLS estimation.
In Tables TA2-TA4 (Tables TA5-TA7) the quantity variable is significant, supporting our approach to estimation 7 . 7 Recently it has been argued (e.g. McKelvey, 2011) that the lack of price data at the individual commodity level presents an insurmountable difficulty for consumption analysis and that even when perfect price data is available, there is still a bias. Our focus is on changing elasticities across the years (rather than a perfect elasticity estimate for each year). The approach we follow provides approximately consistent results under mild versions of traditional assumptions such as separability.
[21]
Income and price elasticities of food groups
The consumption of specific food items is shaped by what is happening to both relative prices and incomes. The more price and income elastic a food item, the greater the impact of price and income changes on quantities consumed. As we discussed above, in our context the economic crisis sharply lowered incomes between 1995 and 1997 at a time of rapidly changing absolute and relative prices, with some returning to the pre-crisis levels by 2001. To grasp the impact of the crisis on diet we need to examine the changing price and income elasticities over the course of Bulgaria's economic transition.
In this section we report the price and income elasticity of bread, starches and meat Table 1 for a description of percentiles determination.
For the sake of visual clarity, the unbiased income elasticities for each of the key food groups in the sample are presented in Figure 2 , for each of the years and income percentiles of [22] interest. The actual elasticities and their standard errors are reported in Table TA8 at the end of the text, while estimates for other quintiles are available upon request. We see that during all years and across all income percentiles, meat was a luxury good (income elasticity of demand exceeding one), while bread and starches were necessities (income elasticity of demand between zero and one). However, during the crisis, the positive elasticity of meat increased significantly in the case of the 10 th percentile, increased only slightly in the case of the middle percentile and remained almost unchanged for the 90 th percentile. At the same time, the income elasticity of bread decreased across all income percentiles and decreased most dramatically for the 90 th percentile, for which bread became an inferior good in 1997.
These results are consistent with our observations on changes in the broad consumption patterns across the income percentiles. Meat is a luxury good; this is consistent with our observation from Table 1 that lower income households during the economic crisis reduce their share of household expenditures on meat. Likewise, the share of bread in the household expenditures for all income levels falls, as we expect, given that bread shows up in our estimates as a normal-to-inferior good. However, the increase by households in the higher income percentiles of their consumption of meat -a luxury good -in the face of falling incomes must be influenced to a larger extent by either changing relative prices or different responsiveness to prices. This is not obvious when looking at the unit values in Table 2 , but becomes much clearer using our estimates.
The own price and cross-price elasticities of the key food groups over time and across income percentiles are summarized in Figure 3 and highlighted in Table TA9 (once again, results for the rest of the per adult equivalent expenditure quintiles are available upon request). We observe that the own price elasticities of each of the food groups increased dramatically over
[23] time (they become more elastic). We also observe that the substitutability (i.e. the positive crossprice elasticity) between staple foods and meat increased significantly during the crisis. The consumer behaviour of those belonging to the higher income percentiles was characterised by greater own-price elasticity of staple foods and lower own-price elasticity of meat. The lower price elasticity of meat in the basket of the better off households provides a trustworthy explanation of their ability to sustain and even increase the consumption of meat during the crisis, when the consumption of meat by the poor went down. Table 1 for a description of percentiles determination.
Selected income and price elasticities of nutrients
The preceding analysis indicated that the food composition of the Bulgarian diet changed significantly during the crisis. The changes differed across income percentiles and were driven by a complex interplay of changing real incomes and relative prices, as well as changing responses to these incomes and prices. Despite the differences in the changing food composition across income percentiles, different groups of households experienced similar changes in nutrient intakes, which were marked by an increase in the consumption of protein and carbohydrates and a decrease in the consumption of fats across income groups. Since these changes may be indicative of changing responsiveness of nutrients to prices and incomes, we address this possibility in the next and last step of our analysis.
Nutrient elasticity is given by the change in nutrients such as carbohydrates, proteins and fats as food prices change by 1 percent. The price and income elasticities of nutrients are calculated as in Huang (1996) using the nutrient components of different food groups to convert the estimated price and income elasticities into respective nutrient elasticities, and thus provide us with the elasticities of changes in the nutritional content of consumer diets. As before we highlight and discuss the income and price elasticity of a selected set of key nutrients and report [25] the full set of elasticities in the full technical appendix. To save space and given that our main purpose is to explore the dimension and possible change in nutritional responses to changing incomes and prices rather than analyse in detail each effect, here we only focus on macronutrients. However, an interested reader can also explore in the full technical appendix (available upon request) the micronutrient estimates, which are consistent with our general patterns and message of the paper.
The income elasticities of macronutirents are highlighted in Figure 4 and reported in Table TA10 . These elasticities changed significantly during the crisis, when the elasticity of fat increased and the elasticity of other macronutrients decreased substantially. The elasticity of protein, carbohydrates and calories decreased the most in the case of the richest percentiles, undoubtedly due to the better ability of households belonging to this group to afford preserving their nutrient status. These income elasticities provide a convincing explanation of the pattern of nutrient changes that we observed in Figure 1 .
Figure 4: Income elasticity of nutrients
Source: Own calculations based on the LSMS and data on the nutrient composition of all food groups consumed, collected by the National Centre of Public Health Protection in Bulgaria. Notes: The figure highlights the total monthly calories averaged across percentiles defined on the basis of per adult equivalent expenditures See text and Table 1 for a description of percentiles determination.
[26]
The pattern of price elasticities of nutrients, highlighted in Figure 5 and Table TA11 is also consistent with the rest of our descriptive statistics and empirical results. We see that, over time, the staple food price elasticity of all macronutrients increased significantly, while the meat price elasticity of calories and fats went down between 1995 and 2001. This long-term pattern is consistent with the logic of nutritional transition, characterised by a permanent shift out of staple foods and carbohydrates into meat and the related proteins and fats (Popkin, 1993) . However, the change of direction of the meat price elasticity of carbohydrates during the crisis highlights the tendency of households to shift out of fats/proteins into carbohydrates in the face of dramatically increasing meat prices (and vice versa) in periods of economic shocks.
Conclusion
One of the most challenging research areas of economic and nutrition science research is the ability of individuals and households to smooth their consumption and nutritional stream during food price and general economic shocks. While potential nutritional and health implications of the combined shock of the recent global food and financial crises have been among the main concerns of politicians and journalists, little rigorous research has attempted to unravel their full complexity. Although a few nutrition science studies witness major changes in nutritional behaviour during crises, changes that have potentially important epidemiological consequences (Ivanova et al., 2006) , supporters of the permanent income hypothesis postulate an ability of individuals and households to smooth their nutrient stream even during crises (Stillman and Thomas, 2008) . Moreover, the economics literature tends to report relatively low food and nutrient elasticities, as well as evidence, highlighting greater willingness of households to compromise on tastes than nutritional value over short enough periods of time (Behrman and Deolalikar, 1987) .
[28]
Using data collected with fortuitous timing -before, during and after a major macrofinancial and food crisis in Bulgaria -we explored the dietary impact of not only falling real incomes in the context of hyperinflation and crisis, but also of changing relative food prices and the changing responsiveness of different groups of people to these incomes and prices over six years of fundamental structural reforms of the economy. Our results highlight large and dramatically changing food and nutrient elasticities, which challenge the perception of low and relatively stable price and income elasticities of food and nutrition. In the specific case of Bulgaria we find a trend consistent with the logic of nutritional transition, expressed in a long term tendency to substitute staple foods for meat, which is reversed during the crisis, possibly on account of the inability of impoverished households to afford luxury goods such as meat.
Our analysis has several potential limitations related to the data used. While a rigorous econometric methodology helps us overcome the problem of absence of reliable price data, this approach restricts our ability to focus on detailed food items, as opposed to broad food groups. In particular, due to the need of dividing food expenditures by the corresponding food quantities to obtain unit value observations; we obtain missing values each time a household does not consume a particular food item. To avoid this problem, we group items into seven broad food groups, unfortunately preventing us from getting potentially interesting information on the possible reshuffling of household consumption across narrow food categories. However, our descriptive statistics, e.g. Figure 1 , show that the consumption of nutrients, not constrained by food groupings, indeed changed over time.
Despite these shortcomings, which plague the majority of the economics literature on nutrition, our paper is a significant contribution to the both the academic literature and related policy debate. Our most important finding is that of dramatic changes in price and income [35] [36] [37] [38] Notes: Standard errors are in brackets. Bold entries correspond to rejection of H0:e=0. Significance level: *(10%), **(5%) and ***(1%).
[42] 
